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Introduction
Humanoids seem to grow smaller by the day! Indeed, the most recent high-quality platforms are miniature, see, e.g. Honda Asimo I , Sony QWO and Fujitsu HOAP.
There are numerous advantages to go small. Small is cute. Small is safer. Small is cheaper. The latter is probably the most important aspect of the miniaturization of humanoids, as it opens the doors for global commercialization of these robots. However, there are also a number of drawbacks. Miniature components (motors, gears, etc) are not as readily available as larger ones. Miniature controllers remain limited in their processing power. Small impliw also light. This limits the choice of batteries, as well as the number of sensor components.
Nevertheless, the miniaturization of humanoids is progessing rapidly. It is certainly advantaged by the fast development of handheld devices, such as PDAs, cell phones and watches. Telecommunication companies have open a large market far cheap and powerful miniature processors and batteries, sophisticated softwares, such as speech recognition and synthesis, as well as to a range of miniature sensors, such as cameras, wireless/radio/bluetooth transceivers. PDAs have become a practical and cheap means of human-robot interaction, e.g. 374,5, and, one can take for granted that the number of applications of PDAs and their accessories in robotics will only increase in the future. The Robota project follows such a trend to provide its doll-shaped humanoid robots with state-of-the-art portable processors and sensors 8,7,3. In this paper, we present the recent creation of a binocular tracking systems for Robota, composed of a pair of mobile eyes mounted with cameras.
The Robota Project
The Robota project builds a series of multiple degrees of freedom doll-shaped humanoid robots, whose physical features resemble those of a small child. The Robota project is part of a current trend of robotics research that develops educational and interactive toys for children with disabilities; see, e.g. *. The Robota project started in 1997 with the first prototype. Numerous iterations thereafter followed, leading to the creation of a commercial prototype, sold by DIDEL SA. Applications: The Robota robots find an application in two areas: 1) in education, as a programming tool at the University, and as an entertaining interactive toy in museums 6; and 2) in behavioral studies with autistic children, that investigate the potential of an imitator robot to test the ability of autistic children to imitate and to teach these children some simple coordination behaviors I1,l2. These experiments aim at evaluating autistic children' ability to socially interact with others.
In particular, they contrast the effect of the human-like features of Robota on the willingness of the child to interact in comparison to the effect of a more robot-like set of features. Hence, in order to make the interaction with Robota comparable to that a child could have with a human, it is fundamental to provide Robata with sensory capabilities, such as speech and vision, that me at the basis of these interactions. The development of the new prototype of mobile eyes, described in this paper, aims at fulfilling this need. With a mobile pair of eyes, Robota will be able to direct or avert its gaze from the user. Children with autism usually avert their gaze from others; it will be interesting to determine whether the human-like features affect this behavior or not. Robota will be able to blink, a natural means of transmitting jokes. It will be interesting to see whether autistic children are or cm become sensitive to this means of communication in the robot. Finaliy, thanks to the cameras mounted in the eyes, Robota wil1 be able to track the user's face; a feature it already has through the PocketPC camera, see 3. With the cameras mounted in the eyes, the tracking will be more precise and will increase the angle of view of Robota.
Design of the camera
Miniaturization is a key constraint in that particular project. Robota eyes measure 16" of diameter (for the smallest version of Robota) and 26mm for the largest ones. These are commercially available glass-made doll eyes. The god is to be able to insert the camera within the eye. The volume of the eyes is, however, too small to contain the electronic board (that proceeds to the digital conversion of the image). Thus, the sensor must be connected to the board through a flex cable in such a way that the cable is not impeding the movement of the eye. The cable must, therefore, be small. Hence, the number of line used for the transmission must be minimal. Our first task was, therefore, to find a chip that would transmit the camera information with as few lines as possible and with a protocol that could be handled by the microcontroller and the PocketPC driving Robota (IZC, SPI, serial or USB).
A tgpical camem
A typical color camera sends its image in the RGB or the Y W (otherwise known as YCbCr) format. The RGB format sends 3 components (green, red and blue) for each pixel. With these 3 layers the entire color range c m be produced. The W V is a format that was first developed €or color televisions in order to be compatible with the black and white. It is widely used throughout Europe. Y stands for luminance (or luna), U(Cb) corresponds to the color difference on the blue and V(Cr) is the color difference for red. In black and white televisions only the Y component is shown. There are more formats but these two are the most used.
In both formats, the response of one pixel has to be encoded in 3 bytes. One way to reduce the number of bytes required for the transmission is to sample the component, i.e. send each pixel component one at a time. The serial transmission €or YUV is 4:2:2, and for RGB 6:5:5, . . . 
Data tranafer
Even when using a compression factor of 20, the result is around 1MB per second. The rate remains too high to be handle by one of the classical protocols used in robots, 12C, SPI, serial or parallel communication. Only USB communication could handle such a transfer rate. This transfer mode of the images was chosen €or the project. The camera must, therefore, be directly connected to the PC or PocketPC.
List of possible camems
Thanks to the recent and wide use of cameras for cell phones, it was possible to find a number of cameras compatibIe with the size of Robota's eyes (see tables 1,2,3, 4). These cameras have, also, the advantage to be provided with the optic part integrated. Moreover, most of these are already provided with a flex cable.
Unfortunately, the mobile phone market is a booming, but quite unpredicatble market. Hence, when trying to obtain more information about these cameras, we encountered numerous prablems and unexpected answers! For instance, we were told that the MB86S02A camera from Fujitsu was no longer supported in Europe, that the LZOP390 needed a minimum order quantity of 500 and had a shipping time of 20 weeks, that the minimum quantity for the TCM8230MD was of lOOK units per month {!). We received no response for the HAM490002, VS6552 and VS6502V/F, written (or adapted).
Getting the images
The OV519 and the OV7648FB are communicating through SCSB. It is a communication protocol created by Omnivision and strongly inspired by l?C. The The OV519 offers the possibility to take snapshots. This option was not implemented as it was not needed for our particular application. In addition, the chip can handle a microphone. This particularity will be exploited in further development of the module.
Because of Robota general application in schools, the exploitation system of the robot has to be windows (for PocketPC). There exist kwo drivers for Windows. The first one is a confidential driver from Omnivision! The second one is the same version of this driver modified for mother webcam that uses the OV519!! This driver can be downloaded from the Internet. To be compatible with the configuration of this project some modifications needed to be done. For more details, pIease, refer to Once these modifications had been done, the camera worked perfectly. The modified windows driver worked and the quality of image was similar to that of an image taken from a regular webcam, see Figure 6 . Also the driver has an output on the format VFW*. This format is very standard and can be used by nearly d I the programs.
Mechanical schema
A prototype of three DOF Eyes was constructed. One DOF drives the horizontd rotation of the two eyes and the two other DOFs drive the vertical rotation of each eye. For a complete description of the mechanicd design of the eye, see g. The eyes can move vertically and horixontdIy by about 80 degrees in each direction. The difficult aspect of the mechanicat design was to place the center of rotation at the center of each eye, in order for the eyes to move easily within the original doll head.
The principal constraint in this project is the aesthetic of the robot. The only visible part of the prototype is the eyes (the rest of the mechanics being hidden inside the doll's head). We use doll eyes that we modify to insert the cameras, by The only way to put the cameras (figure 9) inside the eye is by separating the eye into two parts and put the camera between them (figure 10). The negative of the camera must fill in the space in the back of the iris of the first half of the eye. A tiny hole inside the pupil allows enough light to enter the camera lens without obstructing its angleof view. The second half is fixed to the mechanism of movement.
A hole in its upper part allows the cable of the camera to get out. The two parts are fixed using tiny screws.
The electronic circuit of the camera must be placed as close as possible to the eye, and attached to the axis of the first DOF of the eyes. With this construction, the ... . . 
